Abstract Patient navigation requires that patient load be equitably distributed. We examined whether navigators could predict the relative amount of time needed by different patients for navigation. Analysis of 139 breast and colorectal cancer patients randomized to the navigation arm of a trial evaluating the effectiveness of navigation. Navigators completed a one-item scale estimating how much navigation time patients were likely to require. Participants were mostly females (89.2%) with breast cancer (83.4%); barriers to cancer care were insurance difficulties (26.6%), social support (18.0%), and transportation (14.4%). Navigator baseline estimates of navigation intensity predicted total navigation time, independent of patient characteristics. The total number of barriers, rather than any specific type of barrier, predicted increased navigator time, with a 16% increase for each barrier. Navigators' estimate of intensity independently predicts navigation time for cancer patients. Findings have implications for assigning navigator case loads.
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Background
In the case of cancer treatment in the USA, rising tides have not lifted all boats equally. Despite major technological advances in cancer treatment, poor, uninsured, and/or minority patients often receive less optimal treatment than affluent, insured non-Hispanic Caucasian patients [1] [2] [3] [4] .
Patient navigation (PN)-the process of assessing and alleviating barriers to adequate health care by a specifically trained person [5] [6] [7] -helps patients complete recommended treatment and reduce socioeconomic, racial, and ethnic disparities in cancer care [8, 9] . PN programs were originally developed from community health worker programs over 40 years ago in the USA [8, 9] . Early studies of community health workers and lay/peer navigators focused on screening and initial workup, showing that navigation improved access to care and completion of cancer-related screening and diagnostic evaluation for underserved populations [5] [6] [7] . Since then, PN programs are being widely implemented in the USA to help patients complete the initial diagnostic workup in a timely fashion [10] , assist newly diagnosed patients begin treatment [11] , and provide assistance with palliative care issues [12] . However, very little is known about the role of navigation during cancer treatment.
PN programs vary widely in how they are implemented in different settings. PN programs are generally not reimbursed by insurers, so they are usually funded through local resources, institutional funds, or foundation support [13] . Training, salary, and local resources available to support navigation work vary considerably. Recent work has shown that PN is effective for improving patient satisfaction and decreasing barriers to care [14] . Because navigation can be time-and resource-intensive working with the complex needs of underserved patient populations, approaches to determine how to best allocate navigation services are needed, especially for cancer treatment.
Patients differ widely in the number and types of needs related to cancer care [15, 16] , and thus, in the amount of navigation time they will need. Whether navigators can assess patients' time needed is not known. In fact, very limited information exists about how well health care professionals or paraprofessionals are able to assess time needs or service complexity in order to plan caseloads and work tasks efficiently. A study of public health nurses [17] found that nurses were able to accurately predict patient needs and level of nursing time among a sample of 1,352 patients receiving community nursing services. In that study, the elderly and children required the most time. In a study of a patient navigation program in Pennsylvania [18] , the two most time-consuming tasks for navigators were dealing with financial and transportation problems. In order to effectively allocate staff time and caseloadsespecially for patients with multiple barriers to care-a simple tool to predict which patients will be the most time consuming would be beneficial. Specifically, the tool could be beneficial to assess the number and type of navigators needed and assign workloads, based on the cancer patient population's needs.
The overall goal of this paper is to explore whether the use of a new tool, a simple one-item measure completed by navigators prior to navigation, would be beneficial in assessing caseload mix. The specific objective of this paper is to assess whether navigators are able to accurately estimate cancer patients' navigation intensity (i.e., relative time needed) prior to navigation. We hypothesized that navigators' estimates of navigation intensity would predict actual time needed for navigation independent of patient characteristics.
Methods
This study was conducted as part of a larger study, "randomized controlled trial of patient navigation activation," designed to evaluate the effectiveness of patient navigators on cancer-related healthcare quality and outcomes. In the larger study, patients with newly diagnosed breast or colorectal cancer were randomized to receive either navigation or usual care until completion of their cancer treatment. All patients completed baseline assessments. The study was approved by the University of Rochester Research Subjects Review Board.
Patient Inclusion Criteria Patient inclusion criteria have been detailed elsewhere [19] . Briefly, newly diagnosed breast or colorectal cancer patients were recruited from oncology and primary care practices across the Rochester, NY community. Once a patient was enrolled in the program, s/he was navigated through the completion of active cancer treatment for a maximum of one calendar year. In the larger study, 166 patients were randomized to receive navigation services for either cancer screening or navigation; in the present report, we had n=139 participants randomized to receive navigation for cancer care. Reasons for the 27 exclusions were unrelated to navigator training and were due to the measure not being completed or incorrectly completed (n=19) or not having cancer (positive screen only, n=8).
Brief Summary of Navigator Intervention and Training
Navigator recruitment and inclusion criteria have been reported, including details of their intensive training and supervision [2, 20] . Consistent with the original model of PN [5] , the Rochester Patient Navigation Research Project (PNRP) navigators were lay community health workers (without medical training) that provided mostly face-toface and sometimes telephone navigation. Navigators (n= 5) were male and female, had at least a high school education, relevant knowledge of the community, and previous experience or training in case management and health care. Two of the navigators were proficient in Spanish and English [2] . All navigators were newly trained in their role.
Description of Assessments Completed by Patients and Navigators
Patients completed a preliminary assessment of their navigation needs at baseline with their navigators. The assessment consisted of an evaluation of patient barriers to receiving cancer care. Navigators also completed a simple one-item measure ("Navigator Perceived Time of Patient Navigation") after reviewing patients' needs assessment but prior to beginning navigation services. Navigators were all new and the assessments were consistently completed according to a structured assessment procedure, for the available sample of participants (n=139).
Navigators completed a simple one-item measure of navigation intensity developed as part of the Rochester PNRP. Navigators estimated how time intensive their patient would be for navigation. This face-valid one-item measure was developed based on expert opinion and team consensus. Establishing that this measure independently predicts navigator time represents a first step in its validation. The logs also contained a "navigator action" section for the navigator to record the action taken for the specific barrier and the associated amount of time required. All navigated patients, regardless of barriers at baseline, received proactive navigation services. Examples of proactive navigation include coordination of care, transportation assistance, and coaching. All patients randomized to navigation accepted navigational services.
Data Analysis The dependent variable, time spent in navigation, had a lognormal distribution. Thus, a generalized linear model was used to assess the data. Whereas normal ordinary least squares regression results in arithmetic means, a lognormal regression results in expected geometric means due to the exponentiation of a logtransformed variable to obtain the original units, in this case, to obtain time in minutes from the log of time in minutes. The exponentiated betas resulting from a lognormal regression are a ratio of geometric means and can be interpreted in terms of percent change [2, 21] . We performed a single and multiple regressions with the navigator time intensity rating as the predictor for total time spent from baseline to 3 months. Our initial model included variables listed in Table 1 as well as patient barriers (both individual barriers and a count of these barriers). The barrier count remained in the model after stepwise selection while the individual barriers did not. Navigator was included in the model as a random effect to account for the variation between the five navigators and we found there were no significant differences due to the navigator. Our final model with navigation time as the outcome (dependent variable) included predicted time intensity (10-point scale), sex (male; female), race/ethnicity (non-Hispanic black; non-Hispanic white; Hispanic/other), days of treatment (number of days at baseline into primary cancer treatment-positive if treatment is started and negative if not), barrier count (the number of unique barriers identified at baseline assessment), and distance from clinic (miles between center of patients home zip code and zip code of treatment center). Table 1 shows demographic and health characteristics of the participants (e.g., navigated Baseline Barriers to Cancer Care Table 2 shows barriers to cancer care reported by participants at their baseline assessment. The most common barriers were insurance difficulties (27%), needing social and practical support (18%), transportation (14%), and financial problems (13%). Table 3 shows the number of barriers for participants at baseline (before navigator intensity rating was done) and the corresponding mean time in minutes spent in navigation. No baseline barriers were identified for 37% of participants. The majority of the remainder had either one (26%) or two (21%) barriers at baseline. As the number of barriers increased, so did the time spent in navigation (134 min for a patient with no barriers to a max of 1,222 min for a patient with seven barriers).
Results

Sample Characteristics
Number of Barriers to Cancer Care with Time Spent in Navigation
Multivariable Models of Prediction of Time Intensity for
Navigation Navigators spent 62% more time with females, 34% more time with African Americans, and 26% more time with others (mainly Hispanics in this sample) than with Caucasians after adjusting for covariates. The total number of barriers, rather than type of barrier, was a better predictor of total navigator time; navigation time spent went up 16% for each additional barrier identified by the navigator. Navigator prediction of time intensity remained a significant predictor in both crude and adjusted models; there was a 29% increase in navigation time for each additional predicted intensity unit on the 10-point scale (p=0.0001).
Discussion
To our knowledge, this is the first published study to examine the ability of lay navigators to predict navigation time for cancer patients. Our main finding was that navigators' estimate of navigation intensity was an independent predictor of time spent with patients based on an initial needs assessment. We also add to the literature by quantifying the time needed for managing many of the common barriers to cancer treatment that patients face.
Other work [22] [23] [24] [25] has shown that psychosocial barriers are related to adverse outcomes for cancer care such as delays in follow-up or more advanced disease at time of diagnosis. We do not know with certainty how navigators estimated time requirements. Discussion with navigators indicates that they based their estimates in part on the number and types of barriers and on their gut sense of patient needs. Navigators' estimation of time intensity remained independently predictive following adjustment for patient barriers. This finding suggests that navigators' qualitative assessment of patient barriers capture important information beyond quantitative barrier measures.
We found that in addition to the total number of barriers predicting time spent in navigation, being female, African American, and/or other racial/ethnic group (mostly Hispanics in this population) were also predictive of time spent in navigation. If females, African Americans, and others such as Hispanics have greater numbers of barriers that are more time intensive to address, this might contribute to disparities in cancer treatment and outcomes, particularly in the absence of intensive navigation.
As noted previously, our navigators' ratings of time intensity were subjective and, by definition, not blinded. Therefore, it is possible that navigators' subsequent behaviors were influenced by their own ratings, introducing a conscious decision or unconscious bias to spent more time with a patient they had rated likely to be time intensive. However, it should be noted that the navigators in the course of their day-to-day work completed a large volume of various assessments, tracking forms, logs, and other administrative tasks and documentation. Given this, recall of a single one-item measure may not have figured prominently to them in their overall scope of work, though we cannot be certain of this. Additionally, navigation is a bidirectional process whereby navigators can contact patients, and vice versa. It seems less likely-given that all navigated patients were equally encouraged to contact their navigator, and a navigator would not have direct control over a patient's decision to call them-that a single navigator intensity rating would account for bias in time spent.
Understanding the time and personnel effort needed to address barriers to improve cancer care are critically important. Yet, such reports are nearly absent from the literature on patient navigation. At an individual (patient) level, it is important for navigators and navigator programs to be able to estimate intensity in order to adjust case mix to best identify patients with the most challenging, timeconsuming psychosocial barriers. At a systems or organizational level, estimating time intensity is important in order to identify populations at risk, and establish priorities for targeted systemic intervention. In a 2007, report from the Institute of Medicine on the delivery of psychosocial services to cancer patients and their families, a standard to guide provision of appropriate psychosocial health services for cancer was established. Key among the recommendations was the need for research on tools and strategies to correct maldistributions in the health care workforce and payment systems that impede delivery of psychosocial services. Understanding of time needed to address barriers with patients in cancer navigation is one initial step towards systematically improving the delivery of psychosocial aspects of cancer care.
Limitations Study limitations should be kept in mind when interpreting these results. Our study population was a single cohort limited to a relatively small sample of breast and colorectal cancer patients enrolled in a PN study who may be different from cancer patients in other settings. We had a relatively small pool of navigators which may have influenced our results. Our face-valid measure of navigator time intensity prediction has not been previously validated. The measure was intended to be brief and focused on time intensity; it did not address other issues such asking navigators to rate the relative importance or salience of barriers to accessing cancer care. Therefore, our findings should be interpreted as preliminary with further research and confirmation needed.
Relevance Given constrained resources for PN, we need simple strategies and tools to assist navigator programs in assigning caseloads. These findings are relevant because they suggest that navigators may be able to help allocate resources more efficiently for cost effective, high-quality cancer care.
Future Directions Future studies should test the effectiveness of using time predictions to more efficiently allocate navigation services resources to patients who would benefit the most. Coordinated approaches to address psychosocial barriers to care should be developed for the most time intensive barriers and evaluated in terms of their effect on cancer outcomes.
Conclusions Navigators accurately estimated the time intensity of navigation for cancer patients, even when adjusting for multiple patient characteristics and barriers. Findings suggest that navigator estimates of patients' needs for navigation time could assist in allocation of patients to receive navigation.
